Site 317 belongs to a group of relatively shallow-water, highcarbonate, Central Pacific sites (including also Sites 75 and 167) which have had very limited nonbiogenic sedimentation, evidenced by very low AI2O3, during the past 30 m.y. The nonbiogenic component of the sediment from the upper part of Site 317 is relatively high in Ti, compared to other Central Pacific sites, suggesting the influence of a local basaltic source. A nearly constant MgO content probably reflects about a half percent molecular MgCθ3 in the skeletal carbonate.
INTRODUCTION
As part of a much larger program of investigation of the major element chemical composition of "typical" deep-sea sediments, 20 samples from the upper 360 meters (middle Eocene and younger) of Site 317 were analyzed, the objectives of the larger program are to determined the origin of the nonbiogenic fraction of pelagic sediments and the secondary behavior of Mg, Na, K, and Fe. Site 317 proved to have remarkably pure CaCθ3 sediments in the upper 360 meters; only Site 167 (unpublished data) has sediment of comparable purity. Consequently, the results from Site 317 are largely of interest in a negative sense, although considered in relation to results from other Central Pacific sites (Figure 1, 42, 70, 73, 75, 166, and 167, unpublished data, : these results provide an interesting insight into some of the chemical problems of pelagic sedimentation. ANALYTICAL TECHNIQUES Our laboratory uses techniques (colorimetric and atomic absorption on borate fusions) described briefly by Donnelly and Nalli (1973) , with the addition of a chloride determination (mercuric nitrate titration) to correct for pore-water Mg, Na, and K. For Site 317 we have used pore-water Mg and K data from Gieskes (this volume). For nearly pure CaCθ3 sediments we have had to use more concentrated solutions for the Al determination and a longer (5 cm) tube for the Ti determination. Our accuracy (using USGS rock standards as blind unknowns) has been as follows, expressed as average absolute percent of the amount present: Siθ2, 3.9%, T1O2, 4.1%; AI2O3, 1.4%; Fe 2 O 3 *, 2.1%; MnO, 27%; MgO, 4.9%; CaO, 3.5%; Na 2 O, 2.4%; K 2 O, 3.5%; P2O5, 10%. The relatively large errors for Mn and P reflect the small amounts of these elements present in the USGS rock standards. It is very difficult to estimate the errors for the present determinations, but the relative coherence of AI2O3 and TiCh (Figure 2 ) will give some idea of the error for these two elements. Table 1 shows that the 20 analyzed samples are nearly pure CaCθ3. Major elements other than Ca occur in very minor amounts, and, except for Si and Mg, can be considered to be trace elements. Aluminum occurs here in amounts as low as 1500 ppm and titanium as low as 60 ppm; only Site 167 shows comparably low values for these elements (Al as low as 30 ppm; Ti as low as 12 ppm; unpublished data).
RESULTS
The very low Si reflects a very limited contribution of siliceous organisms; all other Central Pacific sites investigated (42, 70, 73, 166, 167) have much higher Si; Site 75 has about twice as high a content of Si as Site 317. Manganese and phosphorus (only four analyses) are low but not remarkable, except that only Site 167 shows so little manganese among the other Central Pacific sites. Virtually all the sodium and potassium in these sediments is accounted for by pore water.
Magnesium is a nearly constant minor element throughout the section. In other sites with a high clay content the Mg/Al ratio tends to reflect a terrigenous provenance. At certain opaline sites (unpublished data), Mg is evidently adsorbed on opaline materials in major amounts. Site 317, in contrast, shows the clearest evidence to date for the near constancy (Figure 3 ) of small Mg contribution in the carbonate phase as MgCθ3. This fraction seems to vary from around 0.65% in shallow samples to 0.45% in deeper samples. The smaller content in deeper samples could result from recrystallization of the carbonate to produce purer secondary CaCCh, but the amount of Mg thereby released into the pore water would amount to about a third of the amount present and should be reflected in the porewater Mg. Because the pore-water Mg is fairly constant with depth in the Tertiary part of Site 317 (Gieskes, this volume), the alternative explanation that the average MgCθ3 content of the calcareous debris has increased by about nearly a half since the Eocene should be considered. Note: Analyst was James Wallace; nd = not determined; Fe 2 C>3* = total iron as ferric oxide. a Solid phase values, assuming Mg/Cl = 0.0639 (Gieskes, this volume), K/Cl = 0.0021 (ibid), Na/Cl = 0.5612.
The behavior of aluminum, which is taken as the best index of nonbiogenic sedimentation, is very interesting at the Central Pacific sites that have been examined. The origin of the nonbiogenic fraction is not clear, but we can consider four sources: (1) local, intrabasinal vulcanism (dominantly basaltic), (2) water-borne continental debris, traveling out into the Central Basin largely in surface currents, (3) water-borne continental debris entering the Central Pacific in the bottom water, or (4) wind-borne continental debris. To these choices we must add the secondary effect of redistribution of debris within the basin by bottom currents. The examination of Site 317, and a comparison with other Central Pacific sites, does not provide a definitive answer to the main question, but it does supply some constraints on the larger problem. Table 2 shows estimates for the total AI2O3 that has accumulated in each of several sites in the past 30 m.y. The accuracy of the estimate depends further on whether the sampling is representative and whether the 30 m.y. level can be identified in the sediment column. For the latter, we have used the time scale of Berggren (1972) , in which the 30 m.y. level is taken as the boundary of foraminiferal Zones P20 and P21; just below the boundary between nannoplankton Zones NP24 and NP23; and at the top of the T. tuberosa radiolarian zone. The overall results show a very large spread of values, and the possible errors in their estimate are considered to be relatively minor.
There is no clear relationship between the AI2O3 accumulation and the position of the site. One site with a high accumulation (166) in this group is one of two of the westernmost sites of the group and might have been expected to show a low value reflecting great distance from North and South American sources. There is some realtionship between CaCθ3 content and accumulation of AI2O3, suggesting that water depth at time of deposition might be of major importance in the accumulation of nonbiogenic material. The cause of the depth difference is not known: either the bulk of nonbiogenic sediment travels in a nepheloid layer and is not deposited on topographically high areas that accumulate clacareous sediment, or bottom currents continually winnow the very fine material from these high areas, leaving coarser skeletal debris behind.
The coherence between Ti and Al provides an important clue as to the ultimate origin (and, hence, possibly of transport mechanisms) of the nonbiogenic debris. At four sites (Figures 4-7) with higher values of Al accumulation (42, 70, 73, 166 ) the Ti/Al ratios are indistinguishable from values for average shales or related source materials (Table 3) . Site 167 (Figure 8 ) shows a very low Ti/Al ratio. Because the values of these elements are also very low, there is a suspicion of analytical uncertainty that cannot be ruled out (these samples were the only ones treated with EDTA to enhance Ti and Al). Unless the EDTA treatment selectively removed Ti, the low ratio is probably real. Such a low ratio is unique in our experience; very possibly it reflects dominantly wind-carried debris, in which the shape factor favors the transport of muscovitic clay minerals, which have a very low Ti/Al ratio (Table 3) . Site 317 (Figure 2) shows on the other hand, a relatively high Ti/Al ratio. The most straightforward explanation for this is that a local basaltic source is involved. Site 75 (Figure 9 ) shows a problematic scatter in the Ti/Al ratio; either there is a variable mixture of source material or there has been secondary redistribution of Ti.
The major points that emerge from a chemical examination of these Central Pacific sites is that sites with a relatively high accumulation of AI2O3 show, in the 0.005 0.01 Mg/Ca Atomic Ti/Al ratio a terrigenous origin. Because the Ti/Al ratio might be expected to be lower if a shape factor favored mica in eolian transport, we might further speculate that such transport carried relatively little of the Central Pacific debris. The correlation of higher accumulation rates with topographically lower areas suggests the importance of bottom currents and/or the nepheloid layer. A question not resolved in the present investigation is whether the continental debris enters the Pacific in a bottom current from the Antarctic (and the Atlantic) or whether there is an important contribution from the equatorial current, which is then redistributed by bottom currents. The argument might be resolved if there were deep water sites in the south Central Pacific (which would show lower AI2O3 accumulation than sites north of the equator). The absence of such sites, and the scarcity of any southern central Pacific sites, leaves this problem presently unresolved. 
